
i 

FTD-MT-24-145-67 

\\ FOREIGN TECHNOLOGY DIVISION 

o 
o 
i> 
SO 
O 

INVESTIGATION OF MIXERS OF THE COMBUSTION CHAMBER OF GAS 
AND STEAM-GAS TURBINES 

by 

I. B. Palatnik and D, Zh. Temirbayev 

-V 1 A fi S 

1-   '   J*\. 

Vfl917 ;|f Il96n7 
GOLOfN   ANNtVERiAttY 

FOREIGN TECHNOLOGY  DIVISION 

Reproduced by the 
CLEARINGHOUSE 

for Federal Scientific & Technical 
Information Springfield Va. 22151 

Distribution of this document is 
unlimited.  It may be released 
to the Clearinghouse, Department 
of Commerce, for sale to the 
general public. 

xc 



FTD-MT-24-145-67 

EDITED MACHINE TRANSLATION 

INVESTIGATION OF MIXERS OF THE COMBUSTION 
CHAMBER OF GAS AND STEAM-GAS TURBINES 

By: I. B. Palatnik and D. Zh. Temirbayev 

English pages:  14 

SOURCE:  Alma-Ata.  Kazakhskiy Nauchno- 
Issledovatel'skiy Institut Energetik!. 
Problemy Teploenergetiki i Prikladnoy 
Teplofiziki.  (Alma-Ata.  Kazakh 
Scientific Research Power Engineering 
Institute.  Problems of Heat 
Engineering and Applied 
Thermophysics), No. 1, 1964, pp. 
73-82. 

UR/3149-64-000-001 TT7500850 

THIS TRANSLA i ION IS A RENDITION OF TNI 0RI6I- 
|       NAL FOREIGN TIXT WITHOUT ANY ANALYTICAL OR 
1|       EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED EYt 

ADVOCATED OR IMPLIED ARE THOSE OP THE SOURCE 
AND DO NOT NBCESURILY REFLECT THE POSITION TRANSLATIOH DIVISION 
OR OPINION OP THE  POREION TECHNOLOGY DI- FOREIGN TECHNOLOGY DIVISION 
VISION. WP*APi. OHIO.                                        1 

FTD.MT-24-145-67 Prtt 4 Aue  If flf 



»«W...HL. »I»» MWJWy>*CTiw vimmn^. 

This document is a machine translation of Russian 

text which has been processed by the AN/GSQ-l6\XW-2) 

Machine Translator, owned and operated by the United 

States Air Fore 2. The machine output has been post- 

edited to correct for major ambiguities of meaning, 

words missing from the machine's dictionary, and words 

out of the context of meaning. The sentence word 

order has been partially rearranged for readability. 

The content of this.translation does not Indicate 

editorial accuracy, nor does it indicate USAF approval 

or disapproval of the material translated. 



. , 

ITIS    INDEX    CONTROL    FORM 

65 x fttf Acc Nr 
AR50U261 

76 fESSUfxSSi Nr 01   Acc Nr 
TT7500850 

68    Translation Nr 
FTD-MT-24-1JJ5-67 

94 ßxpansixij40 Ctry Info 
UR 

97    Header Clas 
UNCL 

63 Clas 
UNCL,   0 

64    Control Markings 
0 

10 Date 

NONE 
02 Ctry 

UR 
03 Ref 

31^9 
04 Yr 

64 
05 Vol 

000 
06 Iss 

001 
07 B.  Pg 

0073 
45 B.  Pg, 

0082 
Transliterated Title " 
ISSLED0VANIÄ SMESITELE* KAMERY SGORANIYA  GAZOVYKH  I  PAROGAZOVYKH TURBIN 

'o9 English Title   IHVKSTIBA'JIOH OV HlXliHS OP THE COMBUSTION CHAMBER OF* 6AS 
AND STEAM-GAS  TURBINES 

ALMA-ATA'.—KAZAlUlolllI  NAUUHNU-IDSLEUUVATEL'SKIü   INSTITUT ENEHGET1K1, 
PRIKLADNCY TEPLOPIZIKI (RUSSIAN) 

43 Source 
PROBLEMY TEPLOENERGETIKI 

42 Author 

PALATNIK,   I.   B. 
16 Co-Author 

■  TEMIRBAYEY. P,  iffl. 

98 Document Location 

47 Subject Codes 

21, 12 
16 Co-Author 
NONE 

16 Co-Author 

NONE 

39 Topic Tagst 

gas turbine, combustion chamber, fuel 
mixing, calculation, homogeneous flow 

16 Co-Author 
NONE 

ABSTRACT:  The results of calculations and an experimental study of the gas 
mixing process in mixers of gas turbine combustion chamber models are 
reported.  Expressions derived by Yu. V. Ivanov (see Energomashinostroyeniye, 
1958, No. 11)*in a study of the propagation of single streams and stream 
systems in a transverse homcgeneous flow were employed in evolving a program 
for calculating the mixing process. „ An example is given of calculations 
for a combustion chamber mixer.  Tests were made on a mixer model to verify 
the calculation method.  Cold air fed in a stream was mixed with the 
products cf natural gas combustion passing through a cylindrical mixer. 
Velocity and temperature fields were measured at various cross sections of 
the mixer. Measurements were made at various postions of the stream in the 
cross section of the mixer.  Test results were compared with calculated 
•data. Bibl. with 6 titles.  Yu. Dityakin.  English translation:  14 pages 

FOIH 
FTD FM67 0-90 



U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTKM 

Block Italic Transliteration Block  Italic Transli u- rht) 
A a A a A,  a P P /> P Rt   r 
E 6 B 6 B,  b C c C c S.   s 
B B B I V,  v T T r m T,   t 
r r r l G,  g y y y y U,   u 
a 1 a d D,   d 0 * 0 4> P,   f 
E e E c Ye,  ye;  E,  e*           X X X X Kh,   kh 
>K )K m OK Zh,   zh u u u H Ts,   ts 
3 3 3 3 Z,   z M M H H Ch,   ch 
H H H u i",   i UJ m HI k. Sh,   sh 
R ft n Ü Y, y in m W *H Shch,   shch 
K K K K K,  k T> * h i ii 

JI n n A L,   1 u u bl bi Y, y 
M M M M M,  m b b b b 1 

H H H H N,  n 3 I 3 9 E,   e 
0 Q 0 0 0,  o K) 10 JO X> Yu,   yu 
n n 77 n P,  P H * X M Ya,   ya 

* ye initially, after vowels, and after t», L; £ elsewhere. 
Wn"en written as e" in Russian, transliterate as ye* or 8. 
The use of diacritical marks is preferred, but such marks 
may be omitted when expediency dictates. 

FTD-MT-24-145-67 



FOLLOWING ARE THE CORRESPONDING RUSSIAN AND ENGLISH 

DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS 

Russian       English 

sin sin 
COS eos 
tg tan 
otg eot 
SSO sse 
eossc ese 
sh slnh 
eh cosh 
th tanh 
cth ooth 
seh seen 
osch eseh 

arc sin sin*1 

«re eos eos"1 

are tg tan-1 

arc etg cof1 

are sic sse"1 

are eosse esc"1 

are sh sinn"1 

are eh cosh"1 

are th tanh-1 

are cth eoth"1 

are seh sseh"1 

are eseh eseh*1 

rot curl 
If log 

FTD-MT-24-145-67 ii 



INVESTIGATION OF MIXERS OF THE COMBUSTION CHAMBER OF GAS 
AND STEAM-GAS TURBINES 

I. B, Palatinik and D. Zh. Temirbayev 

Results are given of the calculation and experimental 
investigation of models of the mixer of the combustion 
chamber of gas and steam-gas turbines. 

In different technical devices and, in particular, in combustion 

chambers of gas and steam-gas turbines we run into the necessity of 

lowering the temperature of products of combustion to the required 

level (usually 2-3 times) where the distribution of speed, temperature 

and so on in the obtained flow should be sufficiently uniform.  One of 

the procedures providing intense mixing is the introduction through 

the lateral walls of the chamber of a system of transverse streams 

evenly mixed with the flow (Fig. 1). 

In view of the complexity of the examined process of displacement 

at the present time we usually proceed along the lines of experimental 

investigation of different constructive and condition parameters and 

further "finishing" of the mixer.  Such a way, which is very time 

consuming, gives a solution only for the given concrete mixer.  In 

connection with this there is considerable interest in the creation of 

a rational method of calculation which allows precalculating results 

of mixing in mixers of the stream type. 
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Fig.  1.  Diagram of a 
mixer of the stream type. 

Given in this article are results of 

the calculation and experimental 

investigation of models of mixing chambers. 

Assumed as the basis of calculation of such 

models are data on the propagation of a 

single stream and a system of streams in 

transverse uniform flow obtained in the 

works of Yu. V. Ivanov [1, 3], 

The essence of these data in short 

is reduced to the following. With the 

flowing of a circular stream whose density 

is p., and speed u., into the transverse 

flow with values of density p^  and speed 

Up (Fig. 2),  the equation of the trajectory 

of the stream has the form 

f-ftS) (*)*-£«*<-*>. (1) 

where a is the angle between the initial direction of the speed in 

the stream and flow (on Fig. 2 a = 90°) and d is the diameter of the 

stream at the outlet of the nozzle. 

The relative depth of penetration of the stream into flow h is 

determined by the formula 

4-*/8-** (2) 

where K is the dimensionless experimental coefficient whose values 

are given in works [1, 3]. 

Furthermore, in the calculation there is used experimental fact 

established in work [2] that at the depth of penetration the effective 

FTD-MT-24-145- 67 -2- 
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Fig. 2.  Diagram of propagation 
of the stream in a transverse 
uniform flow, 

diameter of the stream is equal 

approximately to 0.75 h, 

£f+* - 0.75A. 

On the basis of the indicated 

experimental data calculation was 

conducted of the model of the mixing 

chamber.  The investigated model was 

calculated with the following 

condition parameters:  mixing chamber 

is cylindrical, 0 = ?j0  mm, speed of 

combustion products at the entrance 

into the mixer is equal to 

uBX = 10 m/s, temperature tBX = 600°C, flow rate of combustion products 

G  =0.2 kg/s.1 It was further assumed that the flow rate of air 

coolant exceeds three times the flew rate of combustion G = 0.6 kg/s. 

With calculation of the model of the mixer it was assumed that 

the air introduced for cooling is evenly distributed between four 

groups of holes, containing by fours, series in each group.  A c rsct 

calculation of the quantity and dimensions of the holes in each series 

was conducted by the diagram shown in work [1],  With this (and this 

is very significant to us) it was considered that the introduction of 

a definite part of cold air into one group of holes increases the 

momentum of flow of combustion products in front of the following group 

(quantity PpU^  in formula 2).  Thus during transition from one group 

xDuring investigation of the model it is assumed that the process 
of mixing on account of the presence in the chamber of well developed 
mixing does not depend on the Reynolds number of the flow, and thus, 
results of the inv2Stigation can be transferred to chambers of other 
dimensions. 

FTD-MT-24-145-67 -5- 



Table 1 
Group 1 II            !              Ill IV 

Series 
Number 

holes o, mm 
Number 

of 
holes 

d, mm 
Number 

of 
holes 

dt mm 
Number 

of 
holes 

d, ram 

I 
2 
3 
4 

18 
100 
78 

400 

10 
4.1 
2.3 
1.3 

9 
45 
40 

194 

14 
6.1 
3.2 
1.9 

6 
30 
26 

134 

17,5 
7.5 
4 
2.3 

4 
20 
18 
90 

21.5 

4.8 
2.8 

/=3903C 

«=12.6 m/s 
/=293°C 

u = 14,7 m/s 
/«228*C 

u—17.2 m/s 
/«192°C 

11=20 m/s 

of holes to the other, it is necessary to consider change in quantity 

2 
ppUp .  In other respects the calculation is reduced to simple 

arithmetical operations [1],  Results of the calculation of the 

quantity and dimensions of the holes are given in Table I.1 

100'3--300 

Pig, J>.     Diagram of the model of mixing 
chamber. 

Figure 3 shows a diagram of the model of the mixing chamber.  As 

can be seen from the figure, the whole mixer has a length of 750 mm, 

which consists of 3 gauges of mixing chamber.  The holes for the 

entrance of air coolant occupy half of the length of the mixer, and 

the remaining part is intended for the smoothing of perturbations 

^•Shown in the lower lines Table 1 are values of temperature and 
speed which were obtained as a result of mixing the air with the flow 
of combustion products after each group of holes. 
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Fig. 4. Diagram of an experimental 
installation.  1 — fan; 2 — combustion 
chamber; 3 — combustible gas feed; 4 — 
curvilinear diffuser; 5 — levelling 
screen; 6 — damping chamber; 7 — nozzle; 
8 — scroll feed; 9 — mixing chamber. 

appearing during mixing. 

For the purpose of checking the method of calculation used there 

was developed an experimental installation depicted on Fig. 4. The 

basic flow was supplied by a centrifugal fan of the [VD-6] (BJJ-6) type. 

Further the flow of air was heated in the combustion chamber operating 

on natural gas and then through a diffuser, damping chamber and 

convergent nozzle was fed to the mixing chamber.  Cold air for mixing 

was supplied from a separate fan (not shown on  the diagram) with the 

help of a scroll distributor. 

In the calculation of the model of tne mixing chamber it was 

assumed that the distribution of speed and temperature in the flow of 

products of combustion at the entrance into mixer was uniform.  For 

the production of such flow special measures were taken.  Thus both the 

transition nozzle and diffuser were made curvilinear on recommendation 

of the work [4]. All these measures permitted obtaining the initial 

flow, the distribution of speed and temperature in which is shown in 

Figs. 5 and 6. 

As calculations showed, the ratio of temperature average along 

-5- 



10 ?6 

Fig. 5.  Distribution of speed 
at the entrance into the mixing 
chamber. 
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Fig. 6.  Distribution of 
temperature at inlet of the mixing 
chamber. 

cross section to the maximum is *0.9&, and of the speed, MD.96, which, 

in our opinion, is fully acceptable. 

The feed of air coolant was accomplished with the help of a scroll 

spiral chamber, carried out on recommendations of V. N. Taliyev [5]. 

As measurements showed, such a feed provides constant speed of air 

inflow in holes of the mixing chamber, where deviation from the mean 

value does not exceed 2-3$. 

All measurements of speed here and subsequently were conducted 

by tubes of full and static head connected to a differential 

micromanometer of the [MMN] (MMH) type with a minimum scale value of 

0.2 mm HpO.  Thus the error in the measurement of speed did not exceed 

Regarding measurements of temperature, they were conducted with 

help of a differential thermocouple nichrome-constantan connected to 

a potentiometer of the [PP] (nil) type with a minimum scale value of 

0.1 mV, which for the given thermocouple makes up the difference in 
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Fig. 7.  Distribution of temperature on the 
radius at the exit of the mixing chamber. Groups 
of holes operating:  1 — one; 2 — two; 3 — three; 
4 - all four. 

temperatures of «2 . Thus the error in measurement of temperature did 

not exceed 1.5$ for all its values. 

During experimental investigation of the model of the mixing 

chamber first of all there were checked results of mixing with the 

inclusion of each group of holes separately.  For this in the beginning 

there was left open only the first group of holes; then operating 

conditions were set of the mixer in accordance with the calculation of 

the first group (Table 1) and was measured the distribution of speed 

and temperature at the exit from the mixing chamber. Analogous 

measurements were conducted during operation of two, three and all four 

groups of holes of the mixer.  The thus measured distribution of exit 

temperature of the mixer is shown in Fig. 7. 

As calculations showed, the ratio of the average temperature on 

the cross section of the chamber to the maximum is 0.92-0.93, which 

gives a deviation of 7-8$ from the mean value.  Tests during the 

inclusion of separate groups of holes give similar results. 

As one can see from Fig. 7, the irregularity of the temperature 
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Fig. 8. Distribution of temperature in the 
cross section of the mixer at different 
distances from the last series of holes. 
The ratio l/d is equal to:  1 - 0.7; 2 - 1; 
3 - 1.5-2.0. 

field (the value characterizing the degree of mixing of introduce; 

streams with the flow) is connected with the continuous increase in 

temperature from the periphery to the center. At the outlet of the 

mixer there are not any sharp oscillations of temperature; however, 

the central regions are found to be overheated with respect to the 

peripheral. 

It is natural that the indicated irregularity should increase 

with an approach to the last holes of the mixer.  This was checked 

experimentally.  Figure 8 shows the distribution of temperature on the 

cross section of the mixer at different distances from the last series 

of loles. As can be seen from the figure, in direct proximity from 

the last series of the holes there is considerable irregularity which 

rapidly decreases along the length of the chamber. 

In our opinion, this occurs because of the following. With 

calculation it is assumed that the introduced stream brings its whole 

momentum and heat content into a definite place and is mixed th°re 

with the flow. In reality each stream is mixed partially with the 
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Fig. 9.  Diagram of the 
location of streams in 
the cross section of the 
mixer with a four-row 
arrangement of the holes. 

flow and up to a maximum penetration into 

the flow. Apparently, this is especially 

considerable for streams of the greatest 

dimensions called upon to cool the central 

region, as a result of which this region 

is found to be overheated. 

From a qualitative side it is clear 

that for a decrease in overheating of the 

cental regions it is necessary to direct 

into the center a greater part of the 

consumption of cold air than follows from 

the principle of uniform feed per unit 

area of a section of the chamber. 

The absence at present of sufficiently detailed data on the mixing 

of the stream and system of streams with the transverse flow does not 

enable producing recomputation of the distribution of cold air in the 

section of the mixer. At the same time such a redistribution can be 

conducted on the basis of qualitative considerations. 

Figure 9 gives a diagram of the location of the holes with a 

four-row supply of air in the section of the mixer in the fourth group 

of holes (Table 1). As can be seen from the figure, for the part of 

the smallest holes of the fourth row a relatively small region near 

the wall of the inixer is necessary. Furthermore, this region is 

partially cooled by streams of other rows of holes passing through it. 

In connection with this it appears possible to give up holes of 

the fourth row and to redistribute the remaining air between the 

remaining rows of holes.  For an experimental check of this assumption 

by analogy with scheme of calculation described earlier, calculation 

-9- 
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Fig. 10. Diagram of the arrangement of the 
streams in the cross section of the mixer. 
Arrangement of holes: I — three-row; II — 
two-row; III - single-row. 

was conducted for a model of a mixing chamber in which the consumption 

of cooling air is five times less than the consumption of products of 

combustion:  G = O.O^f kg/s, where in the section of the chamber air 

was fed only into 3 rows of holes of the first group. 

An experimental investigation of this chamber (results of it are 

given below) showed that at a distance of 1.5 gauge from the last holes 

of the mixer the uniformity of the temperature field is somewhat 

improved as compared to the four-row arrangement of the streams in the 

section of the c'lamber. 

Table 2 
Chamber 1             Three-row Two-row Single-row 

No. of 
series 

Number of 
noles d, mm Number of 

holes d, mm Number of 
holes d, mm 

I 
II 
III 

6 
22 
56 

9 
5 

2,4 

8 
35 

8,8 
4,5 

10 14 

It was natural to try to reject further the third and second 

series of holes consecutively.  Thus, there were conducted calculations 

and an experimental investigation for mixers with a small ratio of 

consumption of air coolant and products of combustion (1/5) into whose 

section were fed the J>,   2  and 1 rows of streams respectively, all of 

these streams being grouped around the center of the mixer, and the 

-10- 
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peripheral region in the calculation remained free. A diagram of the 

arrangement of the streams is shown in Fig. 10. The dimensions and 

quantity of holes in different rows of the investigated chambers are 

given in Table 2. 

f • * £ a . 
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02 
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Fig. 11. Distribution of temperature in the 
cross section of the mixer with a small ratio 
of consumptions with a different quantity of 
series of holes. Arrangement of holes:  1 — 
three-row; 2 — two-row; 3 — single-row. 

Figure 11 gives data of tests of these chambers.  As can be seen 

from the figure, with a single-row supply of streams into the section 

of the chamber there will be attained the best uniformity of the 

temperature field at the outlet of the mixer.  Deviation of the mean 

temperature along the section from the maximum does not exceed 3-4$ at 

a distance of 1.5 gauges of the chamber from the last holes. 

An analogous investigation was conducted for mixing chambers with 

a large ratio of consumptions of air coolant and products of combustion 

(3.* 1).  In this case it was assumed that the air coolant is introduced 

into the 4 groups of holes.  However, in contrast to the preceding, 

the air in each group was fed only into one row of holes in such a 

manner that the stream were grouped around the center of the section 

of the mixing chamber. 

-11- 



Let us note one circumstance typical for mixers with a large 

ratio of consumptions of air coolant and products of combustion.  The 

fact is that the introduction of a sonsiderable quantity of air coolant 

leads to a noticeable increase in the momentum of the flow.  Thus the 

quantity Ppuo in formulas (1) and (2) becomes indefinite. 

In this case, as is recommended in work [6], for the quantity 

p 
PpUp in the flow one should take the value of flux density of momentum 

which is established as a result of the mixing of streams of the given 

p 
series of holes with the flow, i.e., the value PpUp after the given 

series of holes.  The quantity and dimensions of holes for the model 

with a large ratio of consumptions of the mixer consisted of the 

following: 

I group — 18 holes, d = 12.5 nun; 

II group — 11 holes, d = 22.5 nim; 

III group — 8 holes, d = 27.0 mm; 

IV group — 5 holes, d = 33.0 mm; 

Figure 12 shows the distribution of temperature at the outlet of 

the mixing chamber at a distance of 1.5 gauges from the last holes. 

And in this case the direction from the mean temperature along the 

section does not exceed 3-4$. 

The improvement in uniformity of the temperature field at the 

outlet of the mixer, obtained with a single-row supply of streams, 

seems regular to us, since in spite of the peripheral part of the flow 

supposedly left in this case without cooling, in reality it is 

intensively cooled by streams proceeding into the center.  Besides the 

best mixing, a single-row supply of streams in the section of the 

chamber results in, of course, considerable design simplifications. 

Thus the conducted investigations permit considering that the 

FTD-MT-24-145-67 ~12" 
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Fig. 12. Distribution of temperature in the 
cross section of the mixer with a large 
r^tio of consumptions with single-row 
arrangement of the holes. 

applied method of calculation of mixing chambers permits obtaining a 

flow the distribution of parameters in which it is possible to consider 

uniform with sufficient accuracy for practical purposes and can be 

confidently recommended for calculation of mixers of the stream type. 
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